This paper tests for the transmission of the 2007-2010 financial and sovereign debt crises to fifteen EMU countries. We use daily data from 2003 to 2010 on country financial and non-financial stock market indexes. First, we find strong evidence of crisis transmission to European non-financials from US non-financials, whereas the increase in dependence of European financials on US financials is rather limited. Second, in order to test how the sovereign debt crisis affected stock market developments we split the crisis in pre-and post-Lehman sub periods. Results show that financials become significantly more dependent on changes in Greek CDS spreads after Lehman's collapse, compared to the pre-Lehman sub period. However, this increase is not present for non-financials.
Introduction
The global financial and economic crisis of 2007-2010, which had its origin in the United States (US) subprime mortgage market, triggered a chain reaction in the US and global financial systems. These problems reached their zenith with the collapse of Lehman Brothers, when it became clear that there would be a deep global recession. European financial markets were not isolated from developments in the US. To stem the evolving crisis European national governments massively injected capital in financial institutions (e.g. Royal Bank of Scotland, Fortis, Anglo-Irish, etc.) and undertook fiscal stimulus measures. The single currency, however, proved vulnerable to the crisis because, as it has been argued, it was created without a single government above it to control tax, spending and transfers between the euro zone's richer and poorer economies. Consequently, financial markets distrusted some of the European governments resulting in a sovereign debt crisis.
The country worst hit by this sovereign debt crisis is Greece, which was not able to borrow anymore on international capital markets and had to be bailed out by a joint EMU-IMF rescue package.
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This paper investigates the sensitivity of financials and non-financials in 15 EMU countries to the crisis developments in the US, to sovereign debt problems in EMU and to exchange rate movements before and during the financial crisis. By comparing a tranquil pre-crisis period (1-1-2003 until 26-2-2007 ) with a crisis period (27-2-2007 until 31-8-2010) we test explicitly for the transmission of the financial crisis. In addition, we distinguish between two sub periods within the financial crisis, where the bankruptcy of Lehman Brothers on 15 September 2008 is the breakpoint.
For each EMU country we estimate an individual GARCH model for both its financials and non-financials index. The GARCH model is well known for its ability to deal with the time varying nature of stock market volatility, a necessity when analyzing the turbulent markets during the financial crisis. In the empirical model, both the contemporaneous and lagged US return are included to capture the dependence on developments in the US and deal with non-synchronous trading hours.
In addition, by including the euro-dollar exchange rate we control explicitly for exchange rate movements. Finally, when considering only the crisis period Greek CDS spreads are included to investigate the effects of the European sovereign debt crisis on stock returns. In order to test for the crisis transmission we include an indicator variable to allow the coefficients to change during the precrisis vs. crisis periods and pre-Lehman vs. post-Lehman sub periods. A significant change in the coefficient signals transmission of the crisis.
The results show four key findings. First we find evidence of crisis transmission to European non-financials from US non-financials, whereas the increase in dependence of European financials on US financials is rather limited. Second, financials become significantly more sensitive to 1 Ireland also received support from other EMU countries and the IMF to refinance its government debt during a later stage of the sovereign debt crisis. developments in Greek CDS spreads after the collapse of Lehman Brothers. However, we do not find this increase for non-financials. Third, before the financial crisis euro appreciations are associated with stock market decreases for both European financials and non-financials. However, during the crisis the relationship changes and stock prices increase when the euro appreciates for both financials and non-financials. Finally, the reversal in the relationship between the euro and stock prices seems to have been triggered by Lehman's collapse and the concomitant radical change in default expectations among market participants.
The paper is organized as follows. Section 2 discusses the key dates of the crisis. Section 3 covers the data and empirical methodology. Section 4 presents the empirical findings and Section 5 concludes.
The key dates of the financial crisis
In order to determine the starting point of the financial crisis we follow the Federal Reserve The time series, presented in Figures 1-4 , illustrate the changes before and during the crisis and support the choice of the periods and sub periods examined in this study.
[ Figure 1 about here] Apparently the markets initially assigned a very low probability of bankruptcy of an EMU country, i.e.
default is seen as an extremely unlikely event. However, this perception is drastically revised following the collapse of Lehman Brothers (Figure 4 ). German CDS spreads climb to around 100 basis points in early 2009, while Greek CDS spreads are already about 250 basis points around that time.
The situation is aggravated further when investors start expressing doubts about the Greek government's solvency in late 2009. 4 From that point onwards the German CDS spread remains low until August 2010, but the Greek one skyrockets.
In sum, the figures in this section illustrate the outbreak of the financial and economic crisis and clearly identify the key dates during the financial crisis. Basically, we can split the crisis period in two sub periods, before Lehman and after Lehman. 5 Hence, the study will contrast and compare the market co-movements: 1) pre-crisis vs. crisis and 2) within the crisis, pre-Lehman vs. post-Lehman. 4 The announcement by Dubai World regarding its debt problems on 25 November 2009 has also been linked to a reassessment of sovereign debts worldwide. Unreported results using this break date show smaller differences in the estimated coefficients indicating that Lehman's bankruptcy had a more dramatic impact on market expectations for sovereign debt at least in the EMU. 5 Dooley and Hutchison (2009) consider three sub periods of the financial crisis by splitting the pre-Lehman crisis in two sub periods. Since they study developing countries the focus is slightly different.
Data and methodology

Data
The database consists of Datastream stock market indexes for the United States and
Eurozone countries available at the daily frequency. We consider both a financial sector index and a non-financials market index (i.e. total market index excluding financials). These data are available for all EMU countries (Austria, Belgium, Cyprus, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, Malta, the Netherlands, Portugal, Slovenia and Spain) in euros and for the United States in US dollars. The data exhibit the familiar properties of financial time series, in particular nonnormality and time varying volatility. The 5 year Greek government bond CDS spread is also included in the later part of the study and its properties become apparent from Figure 4 . Non-normality and time varying volatility are even more prevalent compared to stock markets. Finally, the euro-dollar exchange rate is retrieved from Datastream and measured in US dollars per euro. Therefore, an appreciation of the euro is captured by an increase in the exchange rate. Table 1 [ Table 1 about here]
The average daily mean return exhibits a boom-bust pattern during the sample period [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] (see also the graphical representation in Figure 1 ). It is positive for all markets during the pre-crisis period and negative for virtually all markets during the crisis period. When distinguishing between the pre-Lehman and post-Lehman crisis period, we do not find a general pattern across countries.
The striking differences in volatility between the pre-crisis period and the different crisis sub periods are illustrative of the increased uncertainty during the financial crisis. The pre-crisis period is characterized by tranquil markets and displays a very low volatility. During the pre-Lehman crisis period volatility doubles or triples for most time series. The increase in volatility is generally stronger for financials, compared to non-financials. Tension in stock markets increases further after the collapse of Lehman Brothers, i.e. volatility skyrockets for financials. This is especially the case in Greece, Ireland and the United States. The volatility of the EMU-15 financials and non-financials in the pre-crisis period is remarkably similar to the corresponding figures in the US. However, during the crisis, volatility in the US is higher, in particular after the collapse of Lehman and especially for US financials.
The reported differences in mean returns and volatility among countries, as well as the timevarying volatilities need to be taken into account when deciding on the empirical methodology.
Empirical methodology
There exist several theoretical definitions and empirical methodologies to test for the spreading or transmission of financial shocks. In this paper we follow a definition employed in the contagion literature according to which: "(Shift-) contagion occurs when the transmission channel intensifies or, more generally, changes after a shock in one market." (Pericoli and Sbracia, 2003) . 6 This implies that we model the transmission channel during tranquil times, i.e. during the non-crisis period, and test if shocks are transmitted more strongly during the 2007-2010 crises.
Scholars use several methodologies when dealing with daily data, e.g. GARCH models (Hamao et al, 1990; Engle et al, 1990) , correlations (Forbes and Rigobon, 2002) , logit models (Bae et al, 2003) and factor models (Dungey and Martin, 2007) . 7 The large swings in stock market volatility before and during the crisis, but also within the crisis sub periods, warrant an empirical strategy able to accommodate the time varying nature of volatility (see Figure 2 ). Since GARCH models are able to capture these changes successfully we follow the empirical strategy in the spirit of GARCH and factor models.
During tranquil times we postulate the following model:
where y i,t represents the current equity return of country i (either financials or non-financials), y i,t-1 the one day lagged return of country i, y us,t the current equity return in the US (either financials or non-financials), y us,t-1 the one day lagged return in the US and E t the euro-dollar exchange rate. Equation (1) allows for a lagged effect of return to capture the persistence in stock markets. In contrast to latent factor models, we assume that the factors are observed and exogenous for European countries' stock market indexes. In addition, due to the non-synchronous trading hours we allow for a lagged effect from the US market.
The residual captures the specific news relevant for market i and is allowed to be of the GARCH(1,1) type to capture the time varying volatility of equity market returns:
where α V and β V are the coefficients of the volatility dynamics.
During tranquil times the model in Equation (1) is used to capture the movements in country i's stock market returns. However, during the financial crisis we allow the transmission channel to intensify. Therefore, we introduce an indicator variable that is equal to zero in tranquil times (I(c=0) = 0) and equal to one during the crisis period (I(c=1) = 1).
Put differently, we allow the coefficient on the factors to differ during the crisis period.
Equation (2) specifies this model:
where, I(c=1) is the indicator variable and β c , γ c and δ c are the crisis coefficients. Crisis transmission is present whenever these coefficients are significantly different from zero.
Finally, we capture the sovereign debt problems by the Greek CDS spread which provides a market price of Greek default risk. The Greek CDS spread is of prime concern since most attention has been directed to Greece during the sovereign debt crisis. In Equation (3) we distinguish between the pre-Lehman and post-Lehman crisis sub periods. 
The coefficient η captures the coefficient on Greek CDS spreads during the crisis and η aLeh the additional effect during the post Lehman sub period. The indicator variable is zero before the collapse of Lehman (I(aLeh)=0) = 0) and one after the collapse of Lehman Brothers (I(aLeh=1) = 1).
The pre-Lehman sub period is from 27-2-2007 until 14-9-2008, while the post-Lehman sub period runs from 15-9-2008 until 31-8-2010 . Note that in this set-up the pre-Lehman sub period is treated as "baseline" and sovereign debt crisis transmission is present when the post-Lehman coefficient of the respective variable is significantly different from zero. The exchange rate is included in the models above because the European returns are measured in euros and the US returns in dollars (see section 4.2).
One important assumption in the above equations is the exogeneity of US returns. [ Table 2 about here] Table 2 presents the results when estimating Equation (2) for the financial stock indexes in EMU countries on the US financials index and the euro-dollar exchange rate. The coefficient on the lagged return shows that there is negative persistence in returns for most countries and positive for a few. A negative sign indicates that a good day is followed by a poorer one and vice versa. When assessing the contemporaneous (day t) impact of US financials on European financials we find a large and significant coefficient for most markets. The smallest countries (Luxembourg, Malta and Slovenia) seem to be relatively isolated from US events during tranquil times. This is in line with the results of Didier et al (2010) who find that a low degree of comovement with the US can be explained 9 A simple Granger causality test provides further supporting evidence.
by illiquidity in the stock market. The French, German, Dutch and Spanish markets seem to have the closest contemporaneous ties to the US, where a 1% increase in the US results in a 0.5% increase in the domestic market. During the crisis, links intensify for Austria, Greece, Ireland, Luxembourg and
Portugal, but decrease for Germany. The stronger dependence of Greece, Ireland and Portugal has much to do with these countries being among the hardest hit ones by the crisis.
The one day lagged US returns show a similar picture. Dependence is significant and large for all EMU countries, except for the small countries mentioned before. During the crisis we observe an increase for Austria, Cyprus and Luxembourg, but again a decrease for Germany. It is striking that the German financial sector´s dependence on the US has decreased. A strong increase is only visible for Austria and can be explained by losses on large investments of Austrian banks in Central and East European countries.
[ Table 3 about here] Table 3 presents the dependence patterns for non-financials before and during the crisis in the same fashion. The coefficients on the lagged return are very similar to those in Table 2 . Perhaps surprising, the contemporaneous dependence of European non-financials on US non-financials is equal to or even larger than the dependence of European financials on US financials. In contrast to financials, the dependence of non-financials increases significantly in most countries during the crisis.
For non-financials there is indeed strong evidence in favour of crisis transmission. The lagged dependence on the US is also positive and highly significant for most European countries. However, we only observe an increase for a few countries during the crisis when using this variable. Overall, total dependence of EMU non-financials on US developments has increased sharply. The economic and financial crisis did not only affect the European financial sector, but had far reaching consequences for fiscal policy. First, governments injected large amounts of equity in banks and other financial institutions to stabilize the financial sector, resulting in rising debt levels.
Second, government deficits increased as well due to the countercyclical fiscal policy measures induced by the global economic recession. Table 4 provides key figures on the fiscal stance of EMU governments.
[ between the different factors increasing the debt. First, the debt can increase due to the primary balance, which is fully controlled by the government. The second factor is due to interest and growth contributions. This is not directly controlled by the government since it depends on previous governments' expenses and current economic conditions. Finally, we consider stock-flow adjustments, which are not direct expenses, but can be viewed more as investments since they increase government assets. These stock-flow adjustments are very important during the current crisis due to the bank bailouts. 12 The countries with the largest increase in debt due to the primary balance and interest & growth contribution are Portugal, Ireland, Greece and Spain
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. We now investigate how sensitive European equity markets are to the debt financing problems and default risk in these countries. Table 5 presents the results when estimating Equation (3) for the financials index in all 15 EMU countries. The coefficients regarding the contemporaneous and lagged dependence on US financials are large and similar to those reported in Table 2 . It is also worth noting that the contemporaneous dependence is the same during the entire crisis (before and after the collapse of Lehman). For several countries the lagged dependence decreases after the collapse of Lehman.
[ Table 5 about here]
Before Lehman, just a few countries' financials are affected by changes in the Greek CDS spread (Austria, Cyprus, Greece and Luxembourg). Figure 4 shows that the actual movements were quite limited and a closer inspection of the data reveals that Greek and German CDS spreads move closely in the pre-Lehman sub period. The correlation between the two variables is 0.87 during this sub period. Hence, in the pre-Lehman sub period the Greek CDS spread seems to capture a European level default premium. However, during the post-Lehman sub period the correlation drops to 0.31 and the Greek CDS spread captures more strongly the pure Greek debt problems. We should expect that an increase in Greek CDS spreads has a negative effect on stock prices, since rising CDS spreads signal economic hardship. Therefore, the coefficients on η and η aLeh are expected to have a negative sign.
After the collapse of Lehman virtually all countries have a significantly negative loading on changes in Greek CDS spreads. Ireland and Greece have the highest absolute coefficients, but Spain and Portugal also face a large impact. These results can be explained by the higher perceived default risk for these countries following Lehman's collapse. However, strong results are also evident for Germany, France and the Netherlands. The reason in these cases probably is not linked to the default perceptions but rather to their exposure to Greek debt. Indeed, over 75% of Greek government debt is held by foreign investors and the EMU countries most exposed are Belgium, Cyprus, France, Germany, Greece, Portugal and the Netherlands (Blundell-Wignall and Slovik, 2010). 14 It is no surprise then that financials in these countries are also strongly affected by developments in Greece. In sum, even though the sovereign debt crisis affects the group of EMU countries most exposed to a default risk, financials across other EMU countries are also affected due to the many financial interlinkages.
[ Table 6 about here]
Next we estimate Equation (3) for the non-financials in the same spirit as Table 3 . These results are reported in Table 6 . Again, as for the financials, we observe a large degree of contemporaneous and lagged dependence on US developments. Before the collapse of Lehman we document that about half of the non-financial indexes have a significantly negative loading on changes in the Greek CDS spread, even though the magnitude is relatively small. This can be explained by the high correlation of Greek CDS spreads and German CDS spreads before the collapse of Lehman. It is most likely that we capture the non-financials' sensitivity to aggregate EMU sovereign debt developments. In contrast to the financials we do not observe many increases in dependence on Greek CDS spreads post-Lehman. Only for Finland, Greece, Portugal and Spain there are significant increases in the impact of Greek CDS spreads.
Summarizing the results, we find that the transmission of the financial crisis that originated in the US to the EMU financial sector was largely contained possibly due to (expectations of) decisive European actions to protect the vulnerable institutions and to the inherent insulation of other institutions to the mortgage crisis. Expectations of a strong EMU action were apparently shattered 14 Exposures to Greece are measured by the exposure in % of tier 1 capital.
after the collapse of Lehman resulting in a serious transmission of the Greek sovereign debt crisis to the financials of most EMU countries. Less attention or ability to protecting the non-financial sector following the mortgage crisis, on the other hand, can probably explain why that crisis was transmitted rather strongly to this sector in EMU. On the positive side the non-financial sector seems to have been largely unaffected by the sovereign debt crisis.
The effects of the euro-dollar exchange rate during the crises
The theoretical literature does not agree on the sign of the relationship between stock prices and exchange rates. One part of the literature argues that exchange rates are determined by developments in the current account (See e.g. Dornbusch and Fisher (1980) ). According to the "harmful to exports" hypothesis exchange rate movements have an effect on firm competitiveness, which affects future profitability and consequently stock prices. A more expensive currency makes
European products more expensive, results in decreasing exports and, consequently, profitability.
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So, a negative relationship is predicted between stock prices and exchange rates (i.e., exchange rate appreciations should be correlated with negative stock market returns).
The second strand starts from portfolio balance models (Branson (1983) and Frankel (1983) ).
These models view exchange rate determination as a variable equating the supply and demand of financial assets. Hence, portfolio balance models predict a positive relationship between stock prices and exchange rates (exchange rate appreciations are correlated with positive stock market returns).
A stock price increase increases the value of the equity market, which is associated with an exchange rate appreciation. This view can be termed the "signal of economic strength" hypothesis.
During tranquil times the effect of the euro-dollar exchange rate for financials is in line with the predictions from the "harmful to exports" hypothesis, as shown by the significantly negative coefficient for virtually all countries (see Table 2 appreciation of the euro is associated with a 0.2% decrease in German stock prices.
During the crisis, however, this relationship is fundamentally different. All countries have a positive coefficient on the crisis exchange rate and for most countries this coefficient is large enough to turn the overall effect of the exchange rate from negative to positive. For example, when we consider Germany again, a 1% appreciation of the euro-dollar exchange rate results in an increase of 0.2% in stock prices during the crisis. In sum, the role of a strong euro during the crisis period appears to have changed from "harmful to exports" to a "signal of economic strength".
For non-financials the effect of the euro-dollar exchange rate between tranquil times and the crisis is as striking as it is for the financials (see Table 3 ). Virtually all countries have significantly negative coefficients on the exchange rate before the crisis, whereas the coefficient during the crisis period is positive and significant for virtually all countries. Again, in many cases the sign is reversed during the crisis, implying that euro appreciations lift European non-financial equity prices. This shows that the relationship between exchange rates and stock prices is time varying and depends on what the markets perceive as normal or crisis periods. Table 5 shows that for financials the reversal of the exchange rate effect described above takes place during the crisis period. First, the coefficient on exchange rates is insignificant in the sub period from the start of the crisis up to the collapse of Lehman (exceptions are Malta and Slovenia).
However, the big turn takes place after the collapse of Lehman, where the signs of most countries turn significantly positive. When considering the euro-dollar exchange rate in the case of the nonfinancials, we document the same reversal as for the financials, i.e., no relationship before the collapse of Lehman for most countries, but a strong increase for the majority of countries after the collapse of Lehman (see Table 6 ). Hence, the trigger point for the reversal of the exchange rate effect can be identified with Lehman's collapse. This single event underlies the dramatic impacts when a "too big to fail" financial institution was allowed to fail. It might be expected that Lehman's collapse would radically change market's default expectations. Perhaps it shouldn't be surprising then that in such more pessimistic expectations a "signal of economic strength" from a strong euro would override any concerns that it might be "harmful to exports".
Summarizing the results, we find that the relationship between the exchange rate and stock prices has changed from negative before the crisis, neutral during the first part of the crisis and positive after the collapse of Lehman. As the depth of the financial crisis and subsequent recession became clear, an appreciation of the euro becomes more and more a sign of confidence in the economic prospects of the euro area.
Conclusion
This study uses daily data on stock market indexes for the United States and 15 Eurozone countries to test for the presence of transmission of the 2007-2010 financial and sovereign debt crises. We consider both a financial sector index and a non-financials market index (i.e. total market index excluding financials). For each EMU country's (financials or non-financials) indexes we explain the stock market movements using a GARCH model. The GARCH model is well known for its ability to deal with the time varying nature of stock market volatility. Both the contemporaneous and lagged US return are included to capture the dependence of EMU markets on developments in the US.
Indicator variables are introduced to allow the coefficients to change during the pre-crisis vs. crisis periods and pre-Lehman vs. post-Lehman sub periods.
There is strong evidence of crisis transmission from US non-financials to European nonfinancials, whereas the increase in dependence of European financials on US financials is rather limited. Following the collapse of Lehman Brothers financials become much more dependent on changes in Greek CDS spreads compared to the pre-Lehman sub period. However, this increase is not present for non-financials. The relationship between the euro-dollar exchange rate and stock prices has changed from negative before the crisis, neutral during the first part of the crisis and positive after the collapse of Lehman. .
The findings have important implications for the on-going debate about how to reform the financial system so as to mitigate systemic risk in the future. First, the importance of the nonfinancial crisis transmission channels needs to be taken into account and to be investigated further.
Second, exchange rates and stock market returns are correlated but this relationship seems to depend crucially on the overall market sentiment. The time varying nature of this relationship is a possible fruitful area for further research. Finally, the study shows the serious impact on market risk perceptions from a single but dramatic default event. Hence, policies to reduce the failure possibility of institutions deemed "too big to fail" become increasingly important. AUT  BEL  CYP  FIN  FRA  DEU  GRC  IRL  ITA  LUX  MAL  NLD  PRT  SJO Note: Equation (2) is estimated using a GARCH (1,1) model on stock market financial indexes for the full pre-crisis and crisis periods (1/1/2003 -31/8/2010). *, ** and *** denote significance at the 10%, 5% and 1%, respectively. AUT  BEL  CYP  FIN  FRA  DEU  GRC  IRL  ITA  LUX  MAL  NLD  PRT  SJO Note: Equation (2) is estimated using a GARCH (1,1) model on stock market non-financial indexes for the full pre-crisis and crisis periods (1/1/2003 -31/8/2010). *, ** and *** denote significance at the 10%, 5% and 1%, respectively. . Note: Equation (3) is estimated using a GARCH (1,1) model on stock market financial indexes for the pre-and post-Lehman crisis sub periods (27/2/2007 -31/8/2010). *, ** and *** denote significance at the 10%, 5% and 1%, respectively. AUT  BEL  CYP  FIN  FRA  DEU  GRC  IRL  ITA  LUX  MAL  NLD  PRT  SJO Note: Equation (3) is estimated using a GARCH (1,1) model on stock market non-financial indexes for the pre-and post-Lehman crisis sub periods (27/2/2007 -31/8/2010). *, ** and *** denote significance at the 10%, 5% and 1%, respectively.
